nine chapters on an ecological psychology approach to instructional design and has authored more than two dozen peer reviewed research papers. His work has appeared in many major journals including the Journal of Educational Computing Research, the Journal of the Learning Sciences, the Journal of Research on Science Teaching, Instructional Science, and Educational Technology Research and Development. Mike's research concerns how people think and learning, and specifically how technology can enhance the way people think and learn. His NSF-funded project, GEEWIS (http://www.geewis.uconn.edu/), focused on streaming real-time water quality pond data via the Internet and providing support for the integration of this authentic data into secondary and higher education science classrooms. His approach features the analysis of log files, "dribble files," that maintain time-stamped listing of navigation choices and lag time. This approach has been applied to hypertext reading (Spencer Foundation grant), videodisc-based problem solving (Jasper project), and online navigation (Jason project). Recent work concerns playful learning using video game, card games, and board games aligned with national teaching and learning standards.
Work-in-Progress: A 'Cards Against Humanity'-style card game for increasing engineering students awareness of ethical issues in the profession.
Background and Motivation:
Engineering design solutions across all engineering disciplines frequently have major, long-lasting impacts on societal development. Since the process of technical innovation occurs in increasingly complex social exchanges, engineers are frequently confronted with social and ethical dilemmas in their professional lives. Yet, many engineering curricula do not incorporate study of these issues in formal ways into engineering education. Many widely publicized failures of complex engineering systems can be traced back to lapses in judgment on either ethical or societal impact axes, including the Volkswagen Diesel Engine scandal, 1 the BP Gulf Oil Spill, 2 the Challenger 3 and Columbia 4 space shuttle disasters, and more recently, the Flint, Michigan Water Crisis. 5 In this work, the authors seek to explore the application of game-based and game-inspired learning to engineering ethics education. Giving students the opportunity during their education to recognize the wider social and ethical impacts of the profession -through multimedia simulation, role-playing games, case-based learning, and review of other, fictionalized casescan give them opportunities to reflect on the need to identify complex situations in future settings, as well as a safe environment in which to explore, make mistakes, and discuss the broader ramifications of various engineering decisions in authentic contexts. Ultimately the goal is to better prepare young engineers to tackle ethically the current and future challenges that have tended to be underemphasized in traditional engineering curriculums.
Thus, broadly, our study asks " What impact does giving engineering students authentic but playful role-playing experiences in the context of examining the ethical, social, and societal impacts of engineering solutions have on their knowledge, attitudes, and abilities to act ethically as engineers?"
As most engineering curricula focus on technical expertise, and not on in-depth examinations of the ethical, societal, or broader impacts of engineering solutions, how does giving students a cross-disciplinary opportunity to explore these issues via non-traditional educational vectors (in this case, game-based or game-inspired education) impact their professional formation and their identity as an engineer? As Herkert discussed, there have in general been three approaches to ethical education for students in technical professions: 6 • A standalone course in ethics, often times taught by a philosophy instructor or other non-technical staff.
• Incorporation of ethical instruction modules into classes, often times either at the freshman level or the capstone design level.
• A hybrid approach, consisting of a blend of these two approaches.
This hybrid approach is currently what is employed at our university. All engineering majors are required to complete a course in philosophy & social ethics, taught by the philosophy department, which has a course description: "Topics may include the nature of the good life, the relation between social morality and individual rights, and practical moral dilemmas." As this course is taught as a general education course and is open to all university students, it does not specifically address engineering ethics or ethical or social justice topics as applied to engineering scenarios. Anecdotally, engineering students typically criticize the course for its lack of relevance to the engineering disciplines, and Walther, Kellam, Sochacka, & Radcliffe showed via focus group interviews that this type of separate ethical education, taught by non-engineering faculty, "conveys the sense that this content was not part of professional engineering, since it was isolated from the rest of the curriculum…" 7 While some departments have a dedicated seminar course on ethical and societal impact issues, such as in the computer science department, this practice is not widespread, and most departments include a discussion of ethical and societal issues in modular form, and most often in the capstone design course in the senior year.
A number of review articles have recently been written synthesizing the impact of game-based educational elements on both student attitudes as well as learning. Clark, Tanner-Smith, & Killingsworth synthesized many recent studies on games in the K-16 educational space across multiple disciplines. 8 (spanning from 1990-2012) , all of which demonstrated that some student learning benefited significantly from game-based instruction as compared to similar non-game instruction. Additionally, they found that the type of game elements incorporated into the instruction also had a distinct and significant impact on the student outcomes. A separate review by Young, Slota, Cutter, Jallette, Mullin, Lai, Simeoni, Tran, & Yukhymenko broadly surveyed the use of video games in the K-12 educational space, and identified over 300 papers that attempted to relate the use of video games to academic achievement. 12 Their findings emphasized that game-based research must become more situated to understand it in relation to individual differences in player goals and intentions, rather than the broad impacts of game mechanics on students across the board. Lastly, a recent review by Bodnar, Anastasio, Enszer, & Burkey, focusing only on the engineering disciplines in the 2000-2015 time frame, found that game-based instruction in the engineering disciplines generally had positive impacts on student outcomes, both attitudinal and knowledge-based. 13 Thus, from the wide body of literature, it can be taken that game-based educational tools, when designed and implemented well, can produce significant gains, both cognitive and attitudinal. Both Clark et al . and Young et al . found some value in game narratives and Young, Slota, Travis, & Choi have recently described the potential of game narrative to support creativity and innovation within the constraints of classroom learning. 14 In addition to overall improvement in nascent engineers' ability to appreciate the diverse social and ethical contexts for engineering solutions, it has been suggested that providing engineering content in contextualized formats can differentially appeal to traditionally underrepresented minorities in engineering, specifically women, 15, 16 and that resulting group diversity can lead to greater diversity and creativity in solutions proposed. Du and Kolmos noted that female students more often approach knowing and learning in ways that are characterized as as 'connective', either with other people or with society at large, and that this method of learning is not well supported by traditional lecture-based content that dominates many engineering programs. 15, 17, 18 Specifically, Du and Kolmos, citing the work of both Du 19 and Mosby, 20 suggested that "…assessment measures which require a broader range of skills identified by employers in practice match the preferences by female students: the interest in social implications, the concern for human needs and environmental issues, the consideration of context and relationships and the preference for collaborative learning (emphasis ours). 15 The idea of teaching ethics raises the question of just what impact classroom instruction can have on the moral and ethical thinking of college freshman. In many other instances, such as binge drinking, dating relationships, and study self regulation, it is clear that the reflective judgment of students is not always fully developed during college. King and Kitchener suggested that there is hope that classroom instruction can impact ethical and moral judgment. 21 But, in the Carnegie Foundation review of engineering ethics teaching at 40 engineering schools, Colby and Sullivan described that engineering faculty are often quite skeptical as to whether anything can be done to change the ethical behaviors of their students. 22 This may be due to the complexity of ethical judgments that often involve reasoning as well emotional responses. 23 For example, Damasio pointed out that emotion and feelings are essential to the processes of rational judgment. 24 This conclusion was based on clinical studies of patients with lesions to the pre-frontal lobes, each of whom exhibits a clear link between the loss of emotion and feeling and an inability to reason. Also, there is some reason to believe that prefrontal cortex is not fully developed until at least age 25, calling further into question the value of undergraduate classroom assignments aimed at improving ethical judgments (e.g., Aamodt & Wang 2008) . 25 In general there is reason for hope, as some assessment instruments have shown growth from educational interventions. We turn to this topic of assessment next.
In terms of assessing how students perceive ethical and moral situations, one of the most widely-used instruments for measuring students' ethical or moral reasoning is the Defining Issues Test 2 (DIT-2), 26, 27 that was developed in the 1970's and takes as its basis Kohlberg's Moral Development Theory. 28 The DIT-2 is administered by evaluating participant responses to a series of moral or ethical dilemmas (six in the original DIT, five in the DIT-2) according to a rubric. The DIT-2 instrument is valuable for a number of features, including 1.) The ability for it to differentiate both age and educational level, 2.) the ability to differentiate longitudinal changes in attitudes over a period of time, and 3.) demonstrated sensitivity to moral education interventions.
However, in terms of assessing ethical or moral behavior with respect to a specific field or discipline, it falls short, in that it was primarily developed to measure or assess general moral development and not the specific ethical considerations that may be related to engineers' expertise or the target of engineering educators. One of the concepts that is of specific interest to engineers is the idea of microethics vs. macroethics ; the former focusing on how a professional engineer interacts with various constituents, such as fellow engineers, supervisors, or clients, and the latter concept focusing on larger-picture concerns, such as how the engineer's proposed designs or solutions impact society as a whole. 29 To address these assessment shortcomings, we have identified an alternative instrument that has been specifically designed to measure ethical and moral baselines in engineering students. Developed at Purdue University by Zhu, Zoltowski, Feister, Buzzanell, Oakes, & Mead, the Engineering Ethical Reasoning Instrument (EERI) 29 uses the DIT-2 structure as a starting point, but replaces the more general scenarios used in the DIT-2 with ones that have been contextualized to student-based engineering design projects. Participants in the EERI are also asked to respond to a specific ethical question that is tied to the scenario in question, as well as explaining their reasoning and ranking the relative importance of various items to their decision making. The Purdue team has validated the instrument via a variety of methods, including statistical analysis, expert review, direct observation, and semi-structured interviews.
Methods:
In Spring 2017, we have a mixed engineering discipline introductory course with approximately 350 students as a study population. As freshmen, these students have had no previous collegiate level instruction in ethics, or specifically, engineering ethics. To determine a baseline, we intend to administer the EERI instrument to the class prior to our engineering ethics instructional intervention.
For the intervention, we have developed a 'Cards Against Humanity' (CAH)-type card game focused on ethical, societal, and social questions within an engineering context. For those not familiar with the 'Cards Against Humanity' game model, a group of players each draws a number of 'response cards' (White Cards). One player then draws a Black Card, that contains a question, situation, or fill-in-the-blank. The other players look at all of the potential responses they have in their hand (the White Cards), and attempt to make a response most likely to be chosen as "best" by the judge for that round. The player who read the Black Card judges all of the other player responses, makes a selection of the winning condition (in Cards against Humanity, this is usually the "funniest" or "lewdest" response combination), awards points, and then play continues with a different player drawing another Black Card and reading another scenario.
The CAH model has been adapted previously in other educational settings, 30, 31, 32 and Cards Against Humanity provides free templates of cards to use from their website. As discussion of ethical, societal, or social scenarios could prove to be controversial, using a game-based approach may allow participants to engage in discussion of the topics and concepts in a more playful, abstract manner, allowing freer responses and more meaningful exploration of the topics, as they are safely confined within a game construct. This may also more closely approach the engineering job conditions in which ethical reasoning is not the primary goal and so must emerge, as it would in the CAH game, in context of other goals. This approach also allows us to evaluate the same scenarios as described in the EERI instrument in a different context. For an initial version of the game, the authors have collaboratively designed the cards based on a variety of sources, including historical, contemporary, and fictional cases or examples. This initial version of the game has been play-tested with small groups of engineering students in an informal setting (a student professional society social gathering) as well as by a diverse set of engineering faculty at a game-based educational workshop at a national engineering professional society meeting. Table 1 shows some of the white card and black card responses that have been developed and iterated upon during the development period. Plugging the Deepwater Horizon well leak would have been so much faster if they had just used _________.
______ noticed the reactor going critical -won't somebody please think of _________! As shown in Table 1 , there are a variety of topics in both the Black Card and White Cards, and it is anticipated that different students will have different levels of familiarity with the topics, which when combined with scaffolded assignments surrounding the gameplay, should foster discussion of the topics and encourage students to learn more about topics that interest them.
Students will be introduced to the card game in one 75-minute class session mid-semester. As the introductory class is project based, students are already grouped into project units of 3-4 people, which will be ideal for game play. Students will gather in their groups, and be given a card set to play with. A typical round of Cards Against Humanity may last anywhere from 2-5 minutes, depending upon the complexity of the prompt card, and the amount of time participants spend in selecting their responses. Given the relatively simple rule set, it is expected that minimal time will be need to explain the concept, and that students can play several rounds of the game during the class period. Selected student groups will be observed by the participating faculty to inform future game revisions.
Evaluation of Game Play:
As part of the post-gameplay evaluation, students will be asked to do the following over the next several class periods:
• Pick a topic that you discovered through your playthrough of the game that you did not previously know about. Write a one-page report on the topic, with appropriate citations (not included in the one page), focused on the ethical aspects of the topic and how it relates to engineering decision making.
• Contribute at least one white card and one black card suggestion to the game and justify your reason for this addition. (This will be done through online submission via Google Forms) • With your group, discuss your individual game card suggestions and select the pair that you most want to see included in the game.
Additionally, structured in-depth interviews and focus groups with selected participants will be conducted to delve into how and why students made the selections and gameplay choices they did. See debriefing overview at www.supportrealteachers.org/debriefing-overview.html
Possible debriefing questions for the faculty to ask:
• Why was the chosen card funny or unexpected?
• What would have been a serious answer to the prompt?
• What does the chosen response say about the principles the group was using?
• Why were/How come these choices were wrong? What lines did they cross? What are some lines that engineers shouldn't cross? • In this game, there is a card, "Do the right thing". In Which scenario was it played in?
What do you think would be the right thing to do in that same situation? Or, if the card wasn't played this round, pick a scenario and apply the card to it.
Possible Learning Outcomes/Objectives (for debriefing rubric)
• Students will describe dilemmas in their own work that apply an understanding that ethics are emergent within the context of every-day decision making.
• Students will express a disposition to engage in moral reasoning in the context of their schoolwork and engineering projects. • Students will articulate the biases and ethical trade-offs inherent in the game play answers, and state the ethical dilemmas that would be present in analogous real settings.
Current Status:
Cards for the spring semester have been finalized and printed, and in-class gameplay is currently scheduled for early March. Prior to engaging in the gameplay, students will complete the EERI exercise, and post-gameplay they will engage in several reflection exercises as well as assignments related to the game. At the end of the semester, a follow-up application of the EERI will be administered.
Anticipated Results:
In play testing with students in small groups, it became apparent that students were not familiar with many of the engineering ethical dilemmas or situations presented, often asking questions of each other regarding the situations presented. In that sense, it seems apparent that with appropriate scaffolding and follow-up activities that the game may be a novel way of presenting students with an introduction to ethical dilemmas or situations in engineering practice. The EERI instrument has been validated to show differences or evolution in students ethical reasoning ability over time, so a chief result will be whether or not participation in this game-based intervention results in measurable growth in their abilities.
